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Abstract 
The potassium emission characteristics of bagasse and eucalypt bark during their combustion were investigated under 
different temperature. The influence of different additives on the potassium emission was investigated by the 
research-scale experiment, pilot scale experiment, and Factsage. The results showed that the potassium emission 
could be divided into two stages by 600ć. At the high temperature, the degree of difficulty or ease of potassium 
emission could be estimated by the value of (K+Cl)/(Si+Al). Kaolin and the composite additive, which had the 
similar reaction mechanism, had a significant effect on the retention of potassium. CaO could reduce the HCl 
emission during biomass combustion. Simulation results showed that the molten compounds had increased after 
adding the additives, and potassium existed in the form of KAlSi2O6, which consisted with the practical results. 
© 2015 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
The problems of energy shortages and excessive carbon dioxide emissions are getting more and more 
serious, thus biomass is to be more widely used as a renewable and clean energy. The direct combustion 
power generation technology has been widely used in Denmark, Sweden, Finland, the Netherlands, Brazil 
and many other countries. China is a traditional agricultural country with rich biomass resources, which 
determines biomass reclamation a potential renewable energy method. According to the energy planning, 
the biomass power generation in China will approach to 30 million kilowatts by 2020[1]. There is a boiler 
of 50MW biomass direct fire power plant in Guangdong Province using circulating fluidized bed 
combustion technology. After a certain time of running, a large area of corrosion was observed on the 
furnace heating surface tubes. Moreover, the corrosion rate of platen superheater tube was considerably 
higher than the design value. The study found that the alkali metal escaped and deposited on the 
superheater was the cause of the corrosion. Alkali chloride generated easily at the high temperature, and 
would condense on the heating surface subsequently. Alkali metal might be formed in the molten state at 
lower temperature, so it would be easier to adhere to the heating surface causing corrosion [2, 3].  
At present, there was less studies on the alkali metal problems of the South China typical biomass 
combustion. Considering the difference of soil and environment, the combustion characteristics and ash 
composition of the biomass materials were also different. Consequently it was distinct of the alkali metal 
emission law and control method. In this paper, direct combustion characteristic of bagasse and 
eucalyptus bark were studied. The alkali metal emission was researched on bench scale experiment with 
the additives, and the research results would be demonstrated on the pilot scale experiment in order to 
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figure out an effective way to slow down the alkali metal corrosion and slagging problems. This study 
would provide direction to actual use, other helpful suggestions and solutions. Finally we provided a 
theoretical direction and operating guidance for biomass direct combustion. 
2. experimental sample and method 
2.1.  Experimental samples 
Experimental sample, bagasse and eucalypt bark, came from a biomass power station in Guangdong. 
Additives were kaolin, CaO and laboratory composite addictive. The laboratory composite addictive 
composed of 20%-60% MgO, 25%-65% kaolin, 15%-30% activated alumina, and 20%-50% blowing 
agent. All the samples and addictives were dried under 105ć for 5h in the oven. Biomass proximate 
analysis was based on ASTM, and the elemental analysis applied GmbH VarioEL equipment model. 
Chlorine was measured by 792 Basic IC. Alike metal was measured by the absorption spectrophotometer 
(Purkinje TAS-990SuperF). The proximate analysis and elemental analysis of the samples were shown in 
Table 1. The ash content of biomass was shown in Table 2. 
Table 1. Elemental analysis and proximate analysis 
Variety Elemental analysis˄wt.%, ad˅ Proximate analysis˄wt.%, daf˅ 
 C H N S O Cl M Vr Fc A 
Bagasse 52.81 6.84 1.25 0.10 38.71 0.28 4.1 78.71 11.7 5.49 
Eucalypt bark 47.29 5.68 1.28 0.09 44.80 0.86  5.88 66.25 20.02 7.85 
Table 2. The ash content of biomass  
ash content SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O Cl total 
Bagasse -ASTM 8.04 84.29 4.12 3.07 1.79 2.58 3.82 0.32 / 99.25 
Eucalypt bark -ASTM 5.46 42.42 6.39 3.42 31.18 9.83 3.66 2.35 / 99.99 
2.2. Experimental method 
The alkali metal emission mechanism was researched by the constant temperature combustion 
research-scale experiment with a tube furnace as shown in Figure 1. The tube furnace was SK3-2-12K 
open energy-saving tube furnace. Combustion experimental temperature was set at 500ćǃ600ć, 700ć, 
800ć and 900ć, and the burning time was 15s, 30s, 1min, 2min, 3min, 5min and 10min, respectively. 
The collected combustion residual was used for the detection of K and chlorine.  
The 35.5 kW biomass circulating bed of the pilot scale experiment was shown in Figure 2. The 
equipment composed of boiler, auxiliary equipment, piping systems, control systems and steel. The height 
was 10 250 mm, and it covered an area of 4 000 mm × 6 000 mm. The excess air ratio was 1.2, and the 
primary-air flow rate was 0.55. Bed temperature was controlled at 850ć.  
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    Figure 1 bench scale experimental equipment                           Figure 2 he pilot scale experimental equipment 
3. Experimental result and analysis 
3.1. Research-scale experiment 
The potassium emission characteristic of bagasse and eucalypt bark combustion process was shown 
in Figure 3. The potassium retention in the solid phase had reduced since increased the temperature and 
duration time. At the low temperature (<=600ć), the burning time had less influence on the potassium 
emission. On the contrary, the burning time greatly influenced the emission when the temperature was 
higher than 600ć. In biomass combustion process, the volatilization occurred in the earlier stage, which 
indicated organic potassium escaped mainly with volatilization. Some researchers [4]suggested that the 
value of (K+Cl)/(Si+Al) could estimate the degree of difficulty or ease of potassium emission. As seen in 
Table 2, (K+Cl)/(Si+Al) of bagasse was less than eucalypt bark, and at a high temperature bagasse was 
easier to generate a high melting point compounds such as aluminosilicate so that more and more 
potassium would remain in ashes. Both alkali metal and other inorganic elements played an important 
role in potassium emission [4, 5]. 
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Figure 3 potassium emission characteristic of bagasse and eucalypt bark 
3.2. Influence of additives on alkali metal emission 
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Figure 4 the influence of additives on the potassium emission curve 
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Figure 5 the influence of additives on potassium upgrade rate curve  
The potassium emission characteristic during bagasse combustion with 3% and 6% additives were 
shown in Figure 4. As shown in the Figures, all the three additives could improve the potassium residual 
rate. Under 500ć and 800ć, the composite additive was the best one, followed by kaolin, and CaO was 
the worst. The potassium residual rate increased only during the early stage of combustion with CaO 
additive. Research suggested that CaO could suppress the generation of HCl, but generated CaCl2 at the 
same time. Consequently CaO had poor effect on potassium remaining. The effect of the composite 
addictive became more obvious with its content increasing, and its effect was stronger than kaolin on the 
whole. However kaolin did not improve the potassium residual rate with increase of the additive content, 
which indicated 3% kaolin content had reached saturation. Increasing the additive content, the effect of 
composite additive was more obvious than kaolin, and the reasons could be that kaolin composition 
increased and the blowing agent increased the reaction area between composite additives and potassium.  
Increasing the temperature could enhance the effect, and the upgrade rate of potassium rK was used 
to illuminate.  
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k0 was potassium residual rate without additives; βk was potassium residual rate with additives in 
the same combustion condition. As seen in Figure 5, the effects of additives was not significant at the low 
temperature. However, increasing the temperature would greatly enhance the additives effects, especially 
the composite additives, which decreased the rate from 70.8% to 11.3%. Increasing the temperature was 
more conducive to the chemical reaction between the main substance (Al2O3, SiO2 and MgO) and 
potassium. Thus it generated a fusion of a high melting point, such as aluminosilicates potassium. 
Blowing agent and the activated alumina had enlarged the reaction area in this process[6, 7].  
Al2O3·2SiO2·2H2O+2KCl→2KAlSiO4+H2O+2HCl 
Al2O3·2SiO2·2H2O+2SiO2+2KCl→2KAlSi2O6+H2O+2HCl 
As seen in Figure 3 and Figure 5, although the potassium migration of eucalyptus bark was stronger 
than bagasse, the potassium upgrade rate of eucalyptus was higher than bagasse with the composite 
additive at a higher temperature. Analysis considered that the content of Si and Al was higher in the ashes 
of bagasse, which produced similar effects with main component of the additives. Consequently 
increasing the content of additives had the worse effect on eucalyptus bark.   
3.3. The pilot scale experimental result and analysis 
To illuminate the effect mechanism of additives, chlorine in fly ash and HCl in flue gas were 
determined, and the results were shown in Figure 6. The effect of CaO additive was the strongest for 
reducing the chlorine content in the ashes, and it was mainly due to the taking place of following 
reaction[8]: CaO(s)+2HCl(g)→CaC12(s)+H2O(g) . 
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Figure 6 the influence of additives on chlorine and HCl emission curve 
4. Factsage numerical analysis 
In order to better illustrate the experimental results, Factsage software of Zhejiang University State 
Key Laboratory of Clean Energy Utilization was applied to simulate alkali metal emission characteristics 
in different combustion conditions, and the result was shown in Figure 8. As seen in the Figure, 
potassium was mainly existed in the solid form of KCl and KalSi2O6, which agreed with the XRD result. 
The content of KCl in gas phase increased with the temperature increasing, and reached 72% at the 
temperature of 1100ć.K2O in molten state mainly appeared after 950ć, and the content increased with 
the temperature increasing. Consequently it suggested that bagasse should not combust independently 
because of clustering at the temperature of 600-800ć. Chlorine mainly separated out in the form of HCl, 
and reached the maximum content at the temperature of 750-850ć. Afterwards it declined and KCl, 
NaCl and CaCl2 rapidly generated[9].  
As seen in Figure 9, different additives had effects on the potassium compound in the burning of 
bagasse. Potassium compounds were mainly in three states: solid, gas and molten. Potassium molten 
compounds were K2OǃKCl and K2SO4. KCl and K2SO4 mainly generated at middle-temperature of 700-
800ć, and K2O generated after high temperature of 850ć. Seen from the Figure, kaolin and the 
composite additive could inhibit the generation of KCl(g), however CaO mainly inhibit HCl generating. 
As it could not simulate the blowing agent and activated aluminium oxide, the effect of kaolin was better 
than composite additive. In the combustion with kaolin additive, there were no molten state KCl and 
K2SO4, and molten state K2O only generated under the high temperature. Compared with combustion 
without additives, kaolin and the composite could obviously reduce the content of potassium in molten 
and gas states. The reaction was as following: Al2O3·2SiO2+2KCl+2SiO2+H2O o2KAlSi2O6 +2HCl. 
However, when CaO was added, KCl(g) generated and its content increased with the upgrade temperature 
trend, rather than KAlSi2O6(s). Consequently, it would be hard for the bagasse to combust with CaO 
addition at the temperature of 600-800ć for molten state prevention. 
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Figure 8 the distribution of potassium compounds and HCl    Figure 9 simulation analysis of the additives of the HCl emission 
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5. Conclusion 
The potassium emission characteristic and the influence of different additives were investigated 
during the eucalyptus bark and bagasse combustion in this study. In biomass combustion, temperature had 
significant influence on potassium emission, and emission could be divided into two stages by 600ć. 
Below 600ć, potassium retention of bagasse had no relationship with the burning time. Above 600ć, 
potassium mainly escaped in the form of KCl(g). 
Kaolin and the composite additive had significant influence on the potassium emission. However, 
combustion temperature was the key factor. It would greatly improve the results with the temperature 
increasing. The potassium emission was also related to the content of chlorine. CaO could significantly 
reduce the HCl emission.  
The simulation results of the potassium emission and the effect of the additives were obtained by 
Factsage. The results indicated that kaolin and the composite additive had a good effect on the potassium, 
and CaO could significantly reduce HCl emission, which was in good agreement with the experimental 
result. 
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